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1
METHOD FOR PRODUCING METAL
NITRIDE

CROSS REFERENCE TO RELATED
APPLICATION

This application is a 371 of PCT/JP2011/068341, filed on
Aug. 11, 2011, and claims priority to Japanese Patent Appli-
cation No. 2010-179905, filed on Aug. 11, 2010.

TECHNICAL FIELD

The present invention relates to a method for producing a
metal nitride, particularly an alkali metal nitride, an alkaline
earth metal nitride or a lanthanoid metal nitride.

BACKGROUND ART

In recent years, attention has been directed to a metal
nitride as a material such as a raw material of an aluminum
nitride used for a semiconductor device, a metal sliding mem-
ber, an electrode construction material and the like. Many
fluorescent materials using a metal nitride have also been
found, and the demand as the raw material has also increased.
A high-purity product is required for the metal nitride used for
the applications.

Examples of a conventional method for producing a metal
nitride include a method for heating alkaline earth metals
such as calcium in a nitrogen gas stream (Non Patent Litera-
tures 1 and 2).

However, this method nitrides only the surfaces of a metal,
and has difficulty in nitriding the inside thereof. Therefore,
the metal nitride obtained by the method cannot be used for
the above-mentioned application like a semiconductor device
requiring a high-purity product.

Another method is a method for heating calcium with
ammonia, a problem of which method is production of a
calcium hydride as a by-product (Non Patent Literature 3).
Furthermore, yet another method is a method for heating
tricalcium tetranitride to 250° C., problems of which are
explosiveness and toxicity (Non Patent Literature 4).

Furthermore, there is disclosed a method for reacting a
molten zinc-calcium alloy with a heated and pressurized
nitrogen jet to synthesize a calcium nitride (Patent Literature
1). However, this method requires a special device, and thus it
is difficult to say that the method is an industrially advanta-
geous method.

PRIOR ART LITERATURE
Patent Literature

[Patent Literature 1] JP-A-2005-531483

Non Patent Literature

[Non Patent Literature 1] “Kagaku Daijiten (Encyclopedic
Dictionary of Chemistry)”, first edition, edited by Michi-
nori Oki et al., Tokyo Kagaku Dojin, first edition, p. 1413,
1989

[Non Patent Literature 2] “Shin Jikken Kagaku Koza 8, Muki
Kagoubutsu no Gosei (I) (New Experimental Chemistry
Course 8, Synthesis of Inorganic Compounds (1))”, edited
by the Chemical Society of Japan, Maruzen Co., Ltd., p.
414, 1976,
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2

[Non Patent Literature 3] “Kagaku Daijiten 5 (Encyclopaedia
Chimica 5)”, miniature edition, Kyoritsu Shuppan Co.,
Ltd., p. 880, 1987

[Non Patent Literature 4] “Muki Kagoubutsu Sakutai Jiten
(Dictionary of Inorganic Compounds and Complexes)”,
Masayoshi Nakahara, Kodansha Ltd., p. 476, 1997

Summary of Invention
Problem to be Solved by the Invention

However, each of the metal nitrides obtained by the con-
ventional method had low purity, and could not be used for the
application requiring the high-purity product.

It is an object of the present invention to provide a method
for simply producing a high-purity metal nitride with good
yield without causing the above-mentioned problems.

Means for Solving the Problem

The present inventors carried out diligent studies in view of
the above-mentioned circumstances. As aresult, the inventors
found that a metal hydride is used as a raw material, and the
hydride can merely be heated under a nitrogen gas or an
ammonia gas to obtain a high-purity metal nitride with good
yield, and completed the present invention.

That is, the present invention provides a method for pro-
ducing the metal nitride, the method including heating a metal
hydride under a nitrogen gas or an ammonia gas.

The present invention provides a metal nitride produced by
heating a metal hydride under a nitrogen gas or an ammonia
gas.

Advantageous Effect of Invention

The present invention can simply produce a high-purity
metal nitride with good yield.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows the XRD results of lanthanum nitride
obtained in Example 1.

FIG. 2 shows the XRD results of calcium nitride obtained
in Example 2.

FIG. 3 shows the XRD results of lithium nitride obtained in
Example 3.

FIG. 4 shows the XRD results of strontium nitride obtained
in Example 4.

FIG. 5 shows the XRD results of barium nitride obtained in
Example 5.

FIG. 6 shows the XRD results of barium nitride obtained in
Example 6.

FIG. 7 shows the XRD results of barium nitride obtained in
Example 7.

FIG. 8 shows the XRD results of lanthanum nitride
obtained in Example 8.

FIG. 9 shows the XRD results of lanthanum nitride
obtained in Example 9.

FIG. 10 shows the XRD results of cerium nitride obtained
in Example 10.

FIG. 11 shows the XRD results of magnesium nitride
obtained in Example 11.

MODES FOR CARRYING OUT THE INVENTION

Particularly, a metal hydride used for the present invention
is preferably one or more kinds selected from an alkali metal
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hydride, an alkaline earth metal hydride, and a lanthanoid
metal hydride. Herein, examples of the alkali metal hydride
include LiH, NaH, and KH. Examples of the alkaline earth
metal hydride include BaH,, MgH,, CaH,, SrH;, and BaH,.
Examples of the lanthanoid metal hydride include LaH;,
CeH,;, and EuH;.

An alkali metal hydride as a raw material of the present
invention can be produced by for example, a method for
making hydrogen act on an alkali metal at a high temperature
(“Kagaku Daijiten (Encyclopaedia Chimica)”, miniature edi-
tion, Kyoritsu Shuppan Co., Ltd., the paragraphs of lithium
hydride and potassium hydride), and the like.

An alkaline earth metal hydride as a raw material of the
present invention can be produced by, for example, a method
for making hydrogen act on an alkaline earth metal at a high
temperature (“Kagaku Daijiten (Encyclopaedia Chimica)”,
miniature edition, Kyoritsu Shuppan Co., Ltd., the para-
graphs of calcium hydride and barium hydride), and the like.

A lanthanoid metal hydride as a raw material of the present
invention can be produced by, for example, a method for
making hydrogen act on lanthanum (“Kagaku Daijiten (En-
cyclopaedia Chimica)”, miniature edition, Kyoritsu Shuppan
Co., Ltd., the paragraph of lanthanum), and the like.

A metal nitride can be produced also from a metal hydride
other than the alkali metal hydride, the alkaline earth metal
hydride, and the lanthanoid metal hydride by a method of the
present invention.

The metal hydride used for the present invention is desir-
ably a powder.

In the present invention, a nitriding reaction is performed
by heating the metal hydride under a nitrogen gas or an
ammonia gas. The nitrogen gas is preferably used. When the
reaction is performed under the gas atmosphere, a pressure
thereof is not particularly limited. However, the reaction is
preferably performed at a normal pressure as being economi-
cal. The reaction may be performed in a batch or continuous
system. In the case of mass production, the reaction is advan-
tageously performed in the continuous system.

In the present invention, a heating temperature is prefer-
ably 100° C. or more, more preferably 300° C. or more and
even more preferably 500° C. or more. The upper limit of the
heating temperature is a temperature at which the produced
metal nitride is not decomposed. However, the upper limit is
preferably 1500° C. or less in views of a reactor and economi-
cal efficiency. Therefore, the heating temperature is prefer-
ably from 100 to 1500° C., more preferably from 300 to 1300°
C. and even more preferably from 500 to 1200° C.

The heating temperature when the alkali metal hydride is
used as a raw material in the present invention is preferably
100° C. or more, more preferably 300° C. or more, and even
more preferably 400° C. or more. The upper limit of the
temperature is a temperature at which the produced alkali
metal nitride is not decomposed. However, the upper limit is
preferably 1500° C. orless in views of a reactor and economic
efficiency. Therefore, the heating temperature when the alkali
metal hydride is used is preferably from 100 to 1500° C.,
more preferably from 300 to 1000° C., and particularly pref-
erably from 400 to 900° C. The heating temperature is most
preferably from 600 to 800° C.

The heating temperature when the alkaline earth metal
hydride is used as a raw material in the present invention is
preferably 400° C. or more, more preferably 500° C. or more,
and even more preferably 600° C. or more. The upper limit of
the temperature is a temperature at which the produced alka-
line earth metal nitride is not decomposed. However, the
upper limit is preferably 1500° C. or less in views of a reactor
and economic efficiency. Therefore, the heating temperature
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when the alkaline earth metal hydride is used is preferably
from 400 to 1500° C., more preferably from 500to 1100° C.,
and particularly preferably from 600 to 1000° C. The heating
temperature is most preferably from 700 to 900° C.

Furthermore, the heating temperature when the lanthanoid
metal hydride is used as a raw material in the present inven-
tion is preferably 500° C. or more, more preferably 600° C. or
more, and even more preferably 700° C. or more. The upper
limit of the temperature is a temperature at which the pro-
duced lanthanoid metal nitride is not decomposed. However,
the upper limit is preferably 1500° C. or less in views of a
reactor and economic efficiency. Therefore, the heating tem-
perature when the lanthanoid metal hydride is used is prefer-
ably from 500 to 1500° C., more preferably from 600 to 1300°
C., and particularly preferably from 700 to 1200° C. The
heating temperature is most preferably from 800 to 1000° C.

The reaction time may be suitably determined depending
on the device, the reaction temperature, and the amount of a
raw material. Usually, the reaction time is preferably from 10
minutes to 48 hours, more preferably from 1 hour to 24 hours,
and particularly preferably from 3 hours to 12 hours.

The reaction device may be a device capable of withstand-
ing a temperature of about 1500° C. For example, a tubular
furnace, an electric furnace, a batch kiln, and a rotary kiln may
be used.

Because only the target metal nitride remains in a powdery
state in the reaction device in the case of the batch system, for
example, after completing the reaction, the metal nitride is
extremely easily collected.

On the other hand, when the rotary kiln filled with, for
example, N, is used in the case of the continuous system, the
metal nitride is easily and continuously collected.

As the obtained metal nitride, the alkali metal nitride, the
alkaline earth metal nitride, and the lanthanoid metal nitride,
for example, Li;N, Na,N, K;N, Be;N,, Mg,N,, Ca;N,,
Ca,N, Sr;N,, Sr,N, Ba;N,, Ba,N, LaN, CeN, and EuN are
preferred.

The metal nitride obtained by the method of the present
invention has high purity because the nitriding reaction pro-
ceeds easily to the inside thereof.

EXAMPLES

Hereinafter, the present invention will be further described
in detail with reference to Examples. However, the present
invention is not limited to these Examples.

Example 1

A 200 cc pressure tight container was charged with 40 g of
metal lanthanum, then vacuum-exhausted and filled with 1.5
MPa of hydrogen, to perform a reaction at areaction tempera-
ture of 100° C. for 18 hours, to thereby obtain lanthanum
hydride as a starting material. The obtained lanthanum
hydride was used for the following test.

A producing test of a lanthanum nitride was performed
under conditions of a temperature and a time (h) as shown in
Table 1. That is, 3 g of a lanthanum hydride was placed in a
furnace core tube (an inner diameter of 50 mm and a length of
600 mm) and the furnace core tube was sealed with a silicon
cap in a glove box. The furnace core tube taken out from the
glove box was set in a tubular furnace, and was heated in a
nitrogen atmosphere.
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TABLE 1

Reaction conditions of lanthanum nitride

Reaction

temperature (° C.) Reaction time (h) Reaction product

1000 2 Lanthanum nitride
800 3 Lanthanum nitride
600 4 Lanthanum nitride
500 5 Lanthanum nitride
300 18 Lanthanum nitride,

lanthanum hydride

Powder XRD analysis of the obtained L.aN compound was
performed. The LaN results are shown in FIG. 1. For refer-
ence, the XRD of the LaH, as a raw material is also shown in
FIG. 1.

The XRD results show that a target high-purity lanthanum
nitride is produced at high yield by heating from 500 to 1000°
C. The XRD results also show that the higher a reaction
temperature is, the shorter the reaction time is. The quantity of
the lanthanum nitride obtained at 1000° C. was determined by
a nitrogen-oxygen simultaneous analyzer. The N amount was
9.07 mass %, and the purity calculated from the theoretical
amount (9.16 mass %) was 99.0%.

Example 2

A 200 cc pressure tight container was charged with 40 g of
metal calcium, then vacuum-exhausted and filled with 10
MPa ofhydrogen, to perform a reaction at a reaction tempera-
ture of 150° C. for 24 hours, to thereby obtain calcium hydride
as a starting material. The same operation as that of Example
1 was performed by using 3 g of the obtained calcium hydride.
A temperature at which the operation was performed under a
N, gas atmosphere was 800° C., and a reaction time thereof
was 16 hours. Powder XRD analysis of the obtained com-
pound was performed. The whole phase was calcium nitride
(Ca;N,) (see FIG. 2). The quantity of the obtained calcium
nitride was determined by a nitrogen-oxygen simultaneous
analyzer. The N amount was 18.40 mass %, and the purity
calculated from the theoretical amount (18.90 mass %) was
97.4%.

Example 3

A 200 cc pressure tight container was charged with 40 g of
metal lithium, then vacuum-exhausted and filled with 10 MPa
of hydrogen, to perform a reaction at a reaction temperature
01'200° C. for 24 hours, to thereby obtain lithium hydride as
a starting material. The same operation as that of Example 1
was performed by using 3 g of the obtained lithium hydride.
A temperature at which the operation was performed under a
N, gas atmosphere was 600° C., and a reaction time thereof
was 16 hours. Powder XRD analysis of the obtained com-
pound was performed. The whole phase was lithium nitride
(LizN) (see FIG. 3). The quantity of the obtained lithium
nitride was determined by a nitrogen-oxygen simultaneous
analyzer. The N amount was 39.20 mass %, and the purity
calculated from the theoretical amount (40.21 mass %) was
97.5%.

Comparative Example 1

The same operation as that of Example 1 was performed by
using 3 g of metal lanthanum. A temperature at which the
operation was performed under a N, gas atmosphere was
1000° C., and a reaction time thereof was 16 hours. Powder
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XRD analysis of the obtained compound was performed. The
whole phase was lanthanum (La).

Comparative Example 2

The same operation as that of Example 1 was performed by
using 3 g of metal calcium. A temperature at which the opera-
tion was performed under a N, gas atmosphere was 800° C.,
and a reaction time thereof was 16 hours. Powder XRD analy-
sis of the obtained compound was performed. The whole
phase was calcium (Ca).

Comparative Example 3

The same operation as that of Example 1 was performed by
using 3 g of metal lithium. A temperature at which the opera-
tion was performed under a N, gas atmosphere was 600° C.,
and a reaction time thereof was 16 hours. Powder XRD analy-
sis of the obtained compound was performed. The whole
phase was lithium (Li).

The above-mentioned Comparative Examples show that
the nitriding hardly proceeds even when the nitriding of the
metal is attempted under the nitrogen atmosphere.

Example 4

A 200 cc pressure tight container was charged with g of
metal strontium, then vacuum-exhausted and filled with 0.9
MPa of hydrogen, to perform a reaction at areaction tempera-
ture of 150° C. for 12 hours, to thereby obtain strontium
hydride as a starting material. The same operation as that of
Example 1 was performed by using 3 g of the obtained stron-
tium hydride. A temperature at which the operation was per-
formed under a N, gas atmosphere was 900° C., and a reaction
time thereof was 4 hours. Powder XRD analysis of the
obtained compound was performed. The whole phase was
strontium nitride (Sr;N,) (FIG. 4). The quantity of the
obtained strontium nitride was determined by a nitrogen-
oxygen simultaneous analyzer. The N amount was 9.5 mass
%, and the purity calculated from the theoretical amount
(9.63 mass %) was 98.7%.

Example 5

A 200 cc pressure tight container was charged with 40 g of
metal barium, then vacuum-exhausted and filled with 0.9
MPa of hydrogen, to perform a reaction at areaction tempera-
ture of 150° C. for 12 hours, to thereby obtain barium hydride
as a starting material. The same operation as that of Example
1 was performed by using 3 g of the obtained barium hydride.
A temperature at which the operation was performed under a
N, gas atmosphere was 800° C., and a reaction time thereof
was 4 hours. Powder XRD analysis of the obtained compound
was performed. The whole phase was barium nitride (Ba,N)
(FIG. 5). The quantity of the obtained barium nitride was
determined by a nitrogen-oxygen simultaneous analyzer. The
N amount was 4.7 mass %, and the purity calculated from the
theoretical amount (4.85 mass %) was 96.9%.

Example 6

The same operation as that of Example 1 was performed by
using 3 g of the obtained barium hydride. A temperature at
which the operation was performed under a N, gas atmo-
sphere was 900° C., and a reaction time thereof was 4 hours.
Powder XRD analysis of the obtained compound was per-
formed. The whole phase was barium nitride (Ba,N) (FIG. 6).
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The quantity of the obtained barium nitride was determined
by a nitrogen-oxygen simultaneous analyzer. The N amount
was 4.7 mass %, and the purity calculated from the theoretical
amount (4.85 mass %) was 96.9%.

Example 7

The same operation as that of Example 1 was performed by
using 3 g of the obtained barium hydride. A temperature at
which the operation was performed under a N, gas atmo-
sphere was 1000° C., and a reaction time thereof was 4 hours.
Powder XRD analysis of the obtained compound was per-
formed. The whole phase was barium nitride (Ba,N) (FIG. 7).
The quantity of the obtained barium nitride was determined
by a nitrogen-oxygen simultaneous analyzer. The N amount
was 4.8 mass %, and the purity calculated from the theoretical
amount (4.85 mass %) was 98.9%.

Example 8

A 200 cc pressure tight container was charged with g of
metal lanthanum, then vacuum-exhausted and filled with 0.9
MPa ofhydrogen, to perform a reaction at a reaction tempera-
ture of 150° C. for 12 hours, to thereby obtain lanthanum
hydride as a starting material. The same operation as that of
Example 1 was performed by using 3 g of the obtained lan-
thanum hydride. A temperature at which the operation was
performed under a N, gas atmosphere was 1400° C., and a
reaction time thereof was 4 hours. Powder XRD analysis of
the obtained compound was performed. The whole phase was
lanthanum nitride (LaN) (FIG. 8). The quantity of the
obtained lanthanum nitride was determined by a nitrogen-
oxygen simultaneous analyzer. The N amount was 9.1 mass
%, and the purity calculated from the theoretical amount
(9.16 mass %) was 99.3%.

Example 9

The same operation as that of Example 1 was performed by
using 3 g of the obtained lanthanum hydride. A temperature at
which the operation was performed under a NH; gas atmo-
sphere was 800° C., and a reaction time thereof was 4 hours.
Powder XRD analysis of the obtained compound was per-
formed. The whole phase was lanthanum nitride (LaN) (FIG.
9). The quantity of the obtained lanthanum nitride was deter-
mined by a nitrogen-oxygen simultaneous analyzer. The N
amount was 9.1 mass %, and the purity calculated from the
theoretical amount (9.16 mass %) was 99.3%.

Example 10

A 200 cc pressure tight container was charged with 40 g of
metal cerium, then vacuum-exhausted and filled with 0.9
MPa ot hydrogen to perform a reaction at a reaction tempera-
ture of 150° C. for 12 hours, to thereby obtain cerium hydride
as a starting material. The same operation as that of Example
1 was performed by using 3 g of the obtained cerium hydride.
A temperature at which the operation was performed under a
N, gas atmosphere was 1000° C., and a reaction time thereof
was 4 hours. Powder XRD analysis of the obtained compound
was performed. The whole phase was cerium nitride (CeN)
(FIG. 10). The quantity of the obtained cerium nitride was
determined by a nitrogen-oxygen simultaneous analyzer. The
N amount was 8.9 mass %, and the purity calculated from the
theoretical amount (9.09 mass %) was 97.9%.

Example 11

The same operation as that of Example 1 was performed by
using 3 g of magnesium hydride as a starting material. A
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temperature at which the operation was performed undera N,
gas atmosphere was 900° C., and a reaction time thereof was
6 hours. Powder XRD analysis of the obtained compound was
performed. The whole phase was magnesium nitride
(Mg;N,,) (FIG. 11). The quantity of the obtained magnesium
nitride was determined by a nitrogen-oxygen simultaneous
analyzer. The N amount was 27.1 mass %, and the purity
calculated from the theoretical amount (27.76 mass %) was
97.6%.

The invention claimed is:
1. A method for producing a metal nitride, the method
comprising:
heating an alkaline earth metal hydride under a nitrogen
gas or an ammonia gas and at a temperature of from 600
to 1000° C., thereby obtaining a metal nitride; or

heating an alkali metal hydride under a nitrogen gas or an
ammonia gas and at a temperature of from 600 to 800°
C., thereby obtaining a metal nitride,

wherein

said alkaline earth metal hydride is in the form of a powder,

said an alkali metal hydride is in the form of'a powder, and

said metal nitride is at least one member selected from the
group consisting of Be;N,, Mg,N,, Ca;N,, Ca,N,
Sr;N,, Sr,N, Ba;N,, and Ba,N;, or

is at least one member selected from the group consisting

of Li;N, K;N, and Na;N.
2. The method according to claim 1, which comprises
heating an alkaline earth metal hydride under a nitrogen gas
or an ammonia gas and at a temperature of from 600 to 1000°
C., thereby obtaining a metal nitride.
3. The method according to claim 1, wherein the alkaline
earth metal hydride is heated at a temperature of from 700 to
900° C.
4. The method according to claim 1, wherein a reaction
time is from 10 minutes to 48 hours.
5. The method according to claim 1, wherein a reaction
time is from 1 hour to 24 hours.
6. The method according to claim 1, wherein a reaction
time is from 3 to 12 hours.
7. The method according to claim 1, which comprises
heating an alkali metal hydride under a nitrogen gas or an
ammonia gas and at a temperature of from 600 to 800° C.,
thereby obtaining a metal nitride.
8. A method for producing a metal nitride, the method
comprising:
heating an alkaline earth metal hydride under a nitrogen
gas or an ammonia gas and at a temperature of from 600
to 1000° C., thereby obtaining a metal nitride; or

heating an alkali metal hydride under a nitrogen gas or an
ammonia gas and at a temperature of from 600 to 800°
C., thereby obtaining a metal nitride,

wherein

said alkaline earth metal hydride is in the form of a powder,

said an alkali metal hydride is in the form of'a powder, and

said metal nitride is at least one member selected from the
group consisting of Mg;N,, Ca;N,, Ca,N, Sr;N,, Sr,N,
Ba;N,, and Ba,N, or is Li;N.

9. The method according to claim 8, which comprises
heating an alkaline earth metal hydride under a nitrogen gas
or an ammonia gas and at a temperature of from 600 to 1000°
C., thereby obtaining a metal nitride.

10. The method according to claim 8, wherein the alkaline
earth metal hydride is heated at a temperature of from 700 to
900° C.

11. The method according to claim 8, wherein a reaction
time is from 10 minutes to 48 hours.
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12. The method according to claim 8, wherein a reaction
time is from 1 hour to 24 hours.

13. The method according to claim 8, wherein a reaction
time is from 3 to 12 hours.

14. The method according to claim 8, which comprises 5
heating an alkali metal hydride under a nitrogen gas or an
ammonia gas and at a temperature of from 600 to 800° C.,
thereby obtaining a metal nitride.
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